Abstract
Results
Death certificates report that 38,261 people died due to infectious diseases in Poland in the period 1999-2012, which made up 0.73% of the total number of deaths. SDR caused by these diseases decreased, particularly in the male group: Annual Percentage Change (APC = -1.05; 95% CI:-2.0 to -0.2; p<0.05). The most positive trends were observed in mortality caused by tuberculosis (A15-A19) (APC = -5.40; 95% CI:-6.3 to -4.5; p<0.05) and also meningitis, encephalitis, myelitis and encephalomyelitis (G03-G04) (APC = -3.42; 95% CI:-4.7 to -2.1; p<0.05). The most negative mortality trends were observed for intestinal infectious diseases (A00-A09) Annual Average Percentage Change (AAPC = 7.3; 95% CI:3.1 to 11.7; p<0.05). SDR substantially decreased in the first half of the study period, but then significantly increased in the second half. Infectious and parasitic diseases contributed to a loss of around 37,000 standard expected years of life in 1999 and more than 28,000 in 2012. During the study period, the SEYLL p index decreased from 9.59 to 7.39 per 10,000 PLOS ONE | https://doi.org/10.1371/journal.pone.0174391 March 23, 2017 1 / 16 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
The aim of the study is to evaluate changes in mortality due to infectious diseases in the period 1999-2012 in Poland, according to SEYLL, SEYLL p and SEYLL d .
Methods
Our database includes the underlying causes coded according to the International Statistical Classification of Diseases and Health Related Problems-Tenth Revision (ICD-10). According to the ICD the following diseases are considered infectious and parasitic [7] :
• certain infectious and parasitic diseases (A00-B99), including:
• intestinal infectious diseases (A00-A09),
• tuberculosis (A15-A19),
• certain zoonotic bacterial diseases (A20-A28)
• other bacterial diseases (A30-A49),
• infections with a predominantly sexual mode of transmission(A50-A64),
• other spirochetal diseases (A65-A69),
• other diseases caused by chlamydia (A70-A74),
• viral infections of the central nervous system (A80-A89),
• viral infections characterized by skin and mucous membrane lesions (B00-B09),
• viral hepatitis (B15-B19),
• human immunodeficiency virus [HIV] disease (B20-B24),
• other viral diseases (B25-B34),
• mycoses (B35-B49),
• protozoal diseases (B50-B64),
• helminthiases (B65-B83),
• sequelae of infectious and parasitic diseases (B90-B94),
• bacterial meningitis, not elsewhere classified (G00),
• meningitis due to other and unspecified causes, encephalitis, myelitis and encephalomyelitis (G03-G04),
• salpingitis and oophoritis, inflammatory disease of the uterus, except the cervix, inflammatory disease of cervix uteri, other female pelvic inflammatory diseases (N70-N73).
It is worth noting, however, that standard reporting methods do not record the specific infectious agent that contributed to the death.
A database was formed from a total of 5,219,205 death certificates, which were issued in Poland during the period 1999-2012. This information was obtained from the Central Statistical Office. An initial inquiry into the database found that 38,216 of the deaths were caused by infectious or parasitic diseases (S1 File). As parasitic diseases are uncommon in Poland, the term: 'infectious diseases' was used for the analysis.
Mortality due to infectious diseases was calculated based on the CDR and SDR. Standardization was carried out by a direct method, with the population of Europe assumed as the standard.
The SEYLL index was used to calculate the morbidity attributable to infectious diseases [8] [9] . The SEYLL index is used to calculate the number of years of life lost by the studied population due to a certain cause in comparison with the years lost by the standard population. Standard expected years of life were calculated based on the Coale and Demeny West Level 26 model life tables [10] , corresponding to the expected years of life for Japanese residents, according to which the number of standard expected years of life was 82.5 for a woman and 80 for a man.
Standard expected years of life lost (base version) were calculated with the use of the following formula:
where, d x stands for the number of deaths at age x, e x is the number of expected years of life that remain to be lived by the population which is at age x, and l is the age of the oldest dead person.
After application of the following formula and dividing the number of lost years of life by the number of deaths the authors obtained the number of years of life lost by one dead person.
By dividing the number of lost years of life by the size of the studied population (N) we obtain the number of years of life lost due to death per one person [11] :
In the above study the obtained value related to a population of 10,000. The standard expected years of life lost were calculated using time-discounted rates with age-weighted measures according to the following formula [9] .
where the following stand for: r-discount rate (r = 0 or r = 0.03) K-factor modelling age valuation (K = 0 or K = 1) d x -number of people who died at age x l-age of the oldest dead person x-age at which the person died L-expected years of life for age x C-constant (0.1658) e-constant (%2.718) β-parameter of the function of age valuation (0.04). A number of publications concerning deaths due to infectious diseases weight the number of years of life lost by age and discount the value by time [12] [13] . As more extensive comparisons are used in the present study, it uses values calculated with the application of the methods applied in the bibliography cited above. The SEYLL presented in further parts of this study will refer to the number of years of life lost weighted by age and discounted by time, i.e. SEYLL [0.03;1].
Time trends of the analysed measures and parameters were evaluated with the use of the joinpoint method and Joinpoint Regression programme [14] . This method is an advanced version of linear regression, in which a time trend is expressed with a broken line, which is sequence of segments joined into joinpoints, Within these points, the change of the value is statistically significant (p<0,05).
The data in the present study was analysed using a linear regression model where the natural logarithm of the studied measures was a dependent variable and the calendar year was an independent variable; (x) (y = a+bx, where y = ln of the analysed measures, x = calendar year). Annual Percentage Change of the rate values for each trend was calculated according to the following formula:
In order to calculate the statistical significance of APC, its corresponding 95% confidence intervals (CI) were determined. APC was also calculated for each segment of broken lines, and Average Annual Percentage Change (AAPC) for a full range of analyzed years with corresponding 95% CI. [15] . The Monte Carlo Permutation method was used [16] . It is worth noting that in our study, negative APC values indicate a positive trend, while positive APC values mean a deterioration of the situation, i.e. an increase of SDR and SEYLL measures in the period under study.
The Bioethics Committee of the Medical University of Lodz gave consent for the study to be conducted (No. RNM/422/12KB of 22 May, 2012).
Results
Infectious diseases (according to the ICD-10: A00-B99, G00, G03-G04, N70-N73) contributed to 0.73% of deaths in Poland in the study period. In the period 1999-2012, the values of both CDR and SDR due to infectious diseases fluctuated by year. The values of real and standardized death rates due to infectious diseases were higher in the male group.
In 1999, the CDR value associated with infectious diseases for males was 8.95 (Table 1 ). The rate reached its maximum value in 2011 (10.24 per 100,000 males) and its minimum value in 2012 (8.24 per 100,000 males). The rate slightly grew by a mean value of 0.41% per year during the period 1999-2012 (p>0.05). In females, the values were 4.62 per 100,000 females in 1999 and 6.12 per 100,000 females in 2012. A significant mean annual growth rate of 2.89% was observed in the female group (p<0.05).
In the population of Poland as a whole, CDR values due to infectious diseases increased significantly by 1.37% per year in the period 1999-2012 (p>0.05). Negative changes in the values of CDR due to infectious diseases were seen as a result of the process of ageing of Polish society; as indicated by the SDR values during the period. From 1999 to 2012, the values changed from 10.27 to 7.76 per 100,000 males, 4.35 to 4.05 per 100,000 females and 6.96 to 5.75 per 100,000 total population. Across the whole study period, SDR values due to infectious diseases decreased in the male population (APC = -1.05%; 95% CI:-2.0 to -0.2; p<0.05), increased in the female population (APC = 0.35%; p>0.05) and slightly decreased for the total population of Poland (APC = -0.51%; p>0.05) (Fig 1) .
In the period under study, 90-95% of deaths due to infectious diseases were caused by intestinal infectious diseases (A00-A09), tuberculosis (A15-A19), other bacterial diseases (A30-A49), viral hepatitis (B15-B19), human immunodeficiency virus [HIV] disease (B20-B24), bacterial meningitis, not elsewhere classified (G00), meningitis due to other and unspecified causes, encephalitis, myelitis or encephalomyelitis.
A decrease in SDR due to tuberculosis (APC = -5.49; 95% CI:-6.3 to -4.6; p<0.05 for males; APC = -6.00; 95% CI:-7.5 to -4.4; p<0.05 for females and APC = -5.40; 95% CI:-6.3 to -4.5; p<0.05 for the whole Polish population) positively affected the change in the SDR value due to the analysed diseases in the population of Poland in the study period (Table 2) . Also, the SDR values due to meningitis, encephalitis, myelitis and encephalomyelitis (G03-G04) decreased systematically in this period (APC = -2.71; 95% CI:-4.9 to -0.5; p<0.05 for males; APC = -4.27; 95% CI:-6.0 to -2.5; p<0.05 for females and APC = -3.42; 95% CI:-4,7 to -2.1; p<0.05 for the whole Polish population). It should be stressed that in the male group, SDR values due to bacterial meningitis (G00) decreased between 1999 and Table 2 . Changes in SDR trends due to the selected infectious diseases in Poland in 1999-2012 by sex.
Causes of death Number of joinpoints

Period
APC 95% CI AAPC 95%CI
Infectious and parasitic diseases (A00-B99, G00, G03-G04, N70-N73) Total With regards to other bacterial diseases (A30-A49), a statistically significant increase in SDR was observed in the male group (APC = 4.46; 95% CI:2.0 to 7.0; p<0.05) and a statistically significant decrease in the female group (APC = -2.98; 95% CI:-1.1 to -4.9; p<0.05). For the whole population of Poland, SDR values due to the above diseases significantly increased during the analysed period (APC = 3.63; 95% CI:1.6 to 5.7; p<0.05). With regards to viral hepatitis (B15-B19), SDR significantly decreased in the male group from 1999 to 2012 (APC = -1.74; 95% CI:-2.7 to -0.7; p<0.05) but increased in the female group over the same period (APC = 1.53; p>0.05). For the population as a whole, SDR values due to viral hepatitis significantly decreased from 1999 to 2010 (APC = -1.74; 95% CI:-2.7 to 0.0; p<0.05), but grew after 2010 (APC = 10.31; p>0.05).
SDR due to HIV (B20-B24) slightly increased over the studied period for males (APC = 0.27; 95% CI:-1.7 to 2.3) and females (APC = 0.65; 95% CI:-1.9 to 3.3) as well as for the whole population of Poland (APC = 0.37; 95% CI:-1.2 to 1.9).
It should be pointed out that with regards to intestinal infectious diseases (A00-A09), SDR values significantly decreased in the male group in the period 1999 to 2006 (APC = -11.69; 95% CI:-19.0 to -3.7; p<0.05), and this decrease was followed by a rapid and signifi- It is important to stress that all the calculated indices for standard expected years of life lost were usually the highest at the beginning of the analysed period and the lowest at the end (Table 3) . It is also important that throughout the whole study period, the SEYLL, SEYLL p , and SEYLL d indices (discounted by time and weighted by age) were higher in males than in females.
It should be emphasized that the number of analyzed standard expected years of life lost due to infectious diseases fell over the study period (Table 4) . The authors noted a positive, significant decrease in the value of the SEYLL in males (APC = -1.04; 95% CI: -1.9 to -0.2; p<0.05). With regards to females the decrease was not statistically significant (APC = -0.31; p>0.05). Similarly, the decrease in the SEYLL p index was statistically significant in males (APC = -1.04; 95% CI: -1.9 to -0.1; p<0.05) but not significant in females. It should be pointed out that similarly to SEYLL and SEYLL p p , the value of the SEYLL d index (discounted by time and weighted by age) significantly decreased over the study period, which was a positive trend (AAPC = -1.6; 95% CI: -2.5 to -0.7; p<0.05 in the male group; AAPC = -3.4; 95% CI: -4.5 to -2.3; p<0.05 in the female group and AAPC = -2.3; 95% CI: -2.9 to -1.7; p<0.05 for the whole population of Poland). Information in the table confirms that while this was a decreasing trend, it fluctuated during different sub-periods.
Discussion
Selection of method used to assess life years lost
Health indicators which measure premature mortality in units of time lost are gaining prominence in the assessment of the health situation of a population. This is particularly relevant for diseases with low mortality rates and which have a small share of total deaths in a given population. Infectious diseases in developed countries are an example of such diseases. In order to assess their influence on health, social, and economic loss, it is necessary to analyse life years 2008-2012 -6.02* (-9.3; -2.6) lost due to premature mortality. The method for calculating life years lost depends on the researcher, and the choice of approach may cause problems with comparability among populations, especially on the international scale. Various approaches to calculating these measures exist, depending on the assumed life limit. For example, the PYLL (Potential Years of Life Lost) indicator arbitrarily assumes a life limit between 60 and 85 years. The selection of this limit is often based on questionable arguments, which undoubtedly constitutes its weakness. Another disadvantage is that it ignores the benefits stemming from health interventions oriented at the oldest groups of the society.
To eliminate the weaknesses of the PYLL indicator, the PEYLL (Period Expected Years of Life Lost) indicator assumes a local period of life expectance at each age as the life limit. By doing this, it does not have an arbitrarily assumed age above which deaths are not counted to calculate the burden. However, one weakness of PEYLL is its lack of ability to make comparisons over time or across populations with various life expectancies.
This problem is eliminated in the SEYLL (Standard Expected Years of Life Lost) indicator, which assumes life expectancy based on an ideal standard to calculate years of life lost.
When calculating SEYLL values, two factors to be considered are: 'weighting' by age and 'discounting' by time. The 'weight' of a year of life for a person in the youngest and oldest age groups is assumed to be lower than that of a year in the life of a young person. Such an approach has been adopted by a number of authors. Murray and Lopez, for example, describe the social preferences regarding the importance of a year of life at different periods of life: i.e. children, young people and the elderly. Discounting SEYLL enables its values to be compared over time. It is assumed that effects gained at the moment are relatively more valuable than those expected in future.
The significance of infectious diseases in the health situation of Polish residents
Between 1950 and 2000 in Poland, the majority of deaths were caused by non-communicable diseases, particularly diseases of the circulatory system and malignant neoplasms [17] [18] and external causes, such as road traffic accidents and suicides [19] . In the study period, infectious diseases contributed to 0.73% of the total number of deaths. It is worth noting that the significance of infectious diseases in Poland was much higher over half a century ago, causing 6.86% of deaths in 1960. Effective prophylaxis, especially widespread vaccination and the introduction of effective methods of treatment, such as antibiotic therapy, have greatly reduced the occurrence of infectious diseases, resulting in their share in mortality falling to less than 1% since the 1990s. The improvement in the health situation of the Polish population, related to the ongoing socio-economic transition, is countered by its ageing as a result of the demographic transition. Our findings suggest that the gradual ageing of the Polish population increased the CDR value due to the presence of many diseases, including infectious diseases. Previous studies note that the subpopulation of elderly people is more susceptible to infections and responds to treatment more poorly due to their resistance mechanisms being weaker [20] . Perhaps additional reasons are that they do not see medical attention early enough and have limited access to care. In addition, the social and economic transformations occurring in Poland since 1989 have greatly improved various aspects of living conditions, resulting in improved sanitation and hygiene conditions, well-balanced diets, and healthy lifestyles. This, in turn, has decreased SDR values due to the influence of a number of infectious diseases [21] . In addition, greater infections and deaths due to AIDS have been observed in Poland caused by the global HIV pandemic.
The WHO considers avoidable mortality an important element of health policy [22] . According to the theoretical concept of avoidable mortality, premature mortality can be divided into avoidable mortality and unavoidable mortality. Deaths can be avoided by prophylaxis (preventable mortality) and by treatment and medical intervention (amenable/treatable mortality) [23] [24] . It should be emphasized that this concept has many methodological limitations, such as the large number of criteria used for selecting diseases for analysis, the varying requirements concerning local conditions, and the wide range of software programs used to obtain data. The range of activities employed to fight infectious diseases may differ across countries, which also impedes comparisons [25] .
Tuberculosis mortality
In 1990 tuberculosis contributed to 1,471,500 deaths, comprising 3.16% of the total number of deaths in the world. In 2010, tuberculosis killed 1,196,000 people (2.27% of the total number of deaths). Global SDR due to tuberculosis decreased from 33.3 per 100,000 population in 1990
[26] to 18.5 per 100,000 population in 2013 [27] . A study based on the ICD-9 during the period 1965-1999/2000 confirmed that avoidable deaths caused by tuberculosis in Russia clearly outnumbered deaths caused by other infectious diseases. In Russia and the three Baltic states, Latvia, Lithuania and Estonia, deaths due to TB constituted approximately 75% of the total number of deaths due to infectious diseases [28] . In comparison, a study carried out in Greece with the use of ICD-9 covering the period 1980-2007 found a decrease in the number of deaths caused by infectious diseases (tuberculosis, pneumonia, measles, pertussis and influenza) during this time. The authors suggest that this trend might result from a better health care system, widespread use of antibiotics and vaccination, or might be caused by improved living standards resulting from epidemiological transformation [29] . Another study of a detailed analysis of 19 avoidable deaths in the period 1989 to 1997 in 17 European countries found the epidemiological situation concerning tuberculosis to improve over the period: the death rate in people aged 0-64 years old decreased from 0.68 to 0.40 per 100,000 population [30] . A comprehensive report on the epidemiological situation regarding tuberculosis published in 2015 found the SDR to be 4.1 per 100,000 population in 53 countries of the WHO European Region [31] .
In Poland during the study period, positive, declining trends of mortality due to TB were observed. In 1999, tuberculosis contributed to 47.67% of the total number of deaths due to infectious diseases, and in 2012 the percentage was 22.64. In 2012, 630 people died of TB in Poland: a mortality rate of 1.6 per 100,000 population or only 0.2% of all deaths. The number of life years lost due to TB mortality amounted to 7259.45, SEYLL p = 1.88, but SEYLL d was 11.47 years, which means that each male who died of TB lost 12.06 years, and each female who died lost 9.56 years [32] .
HIV/AIDS mortality
During the studied period, the most significant changes in lost life years among infectious diseases on the global scale were noted for HIV/AIDS. While infectious diseases occupied twenty-ninth position in 1990, this rose to fourth position by 2005. Thanks to the improvement of the treatment of HIV/AIDS, this dropped to seventh position in 2015 [33] . In Poland, SDR due to HIV/AIDS was observed to grow at a rate of 0.37% per year throughout the entire study period, resulting in an increase in the number of life years lost due to premature mortality. According to data provided by the Institute for Health Metrics Evaluation in the USA, HIV/AIDS was responsible for 5501.79 of life years lost (0.06% of all YLL) in 1990, which grew to 8068.33 life years lost in 2005(0.11% of all YLL). [34] .
Mortality due to other infectious diseases
The remaining groups of diseases analysed in our study were characterised by declining mortality trends, with the exception of other bacterial diseases (A30-49), viral hepatitis (B15-B19) in the period 2010-2012 and intestinal infectious diseases (A00-A09) in the period 2006-2012. A decrease was observed in the number of deaths caused by viral hepatitis (B15-B19) over the whole period: 8.5% of deaths in 1999 rising to 10.4% in 2012. The increasing trend from 2010 to 2012 was probably caused by hepatitis C, as it has grown in significance in Poland, while hepatitis B has declined [35] . The increasing trends of SDR due to other bacterial diseases (A30-A49) may be related to an increase of sepsis diagnoses (A40-A41); these are a result of other diseases, for instance of the respiratory system, and sepsis should not be indicated as the underlying cause. The increasing trend of SDR due to intestinal infectious diseases observed in the period 2006-2012, following a decline in the period 1999-2006 may be due to the seasonal character of these diseases as well as the improvement in the quality of statistical data.
A report of the Central Sanitary Inspectorate in Poland considered the epidemiological situation due to infectious diseases in Poland in 2012 to be generally good. No epidemic incidence of infectious diseases was observed, although seasonal increases in the incidence of certain infectious diseases were noted, as before [36] .
Standard expected years of life lost measures (SEYLL, SEYLL p , SEYLL d )
As mentioned above, the calculation of standard expected years of life lost (SEYLL) is growing in importance as it plays a role in the evaluation of not only health but also social and economic loss [37] [38] [39] [40] . As noted in one of our previous articles, the commonly used SEYLL d enables the severity of particular diseases to be determined [41] . According to the results of the SEYLL d , infectious diseases are in 10 th position of the most serious diseases, i.e. those which most affect the health of the Polish population. The SEYLL d values for infectious diseases are 12.0 for males and 8.2 years for females, indicating that the Polish population faces a serious health problem. To put the figures into context, the number of standard years of life lost for one death due to cardiovascular diseases is 5.6 years for males and 3.7 years for females, the number lost due to malignant neoplasm of the pancreas is 7.5 for males and 6.2 for females, and the number lost due to road traffic accidents is as many as 20. Table 5 referring to Poland are higher than in our own study. There are several reasons: first, the findings obtained by the WHO are only estimates, while ours are detailed on the basis of a complete dataset of deaths; second, the values in the table are crude data, while ours are discounted by time and weighted by age; third, the standard life table used for calculation of years of life lost for a death at a given age is based on the projected frontier life expectancy for 2050, with a life expectancy at birth of 92 years. The calculations performed in our present study are based on Coale and Demeny West Level 26 model life tables.
With regards to standard expected years of life lost due to infectious diseases, calculated in 2012, Poland was placed in 29 th position based on the SEYLL d index, and sixth position based on the SEYLL p index [42] [43] . It is worth stressing that all the studied values were higher in males than in females, thereby contributing to excess mortality in males and health inequalities between these two sexes. This discrepancy may be associated with the less favourable health behaviours of males as far as prevention and adherence to treatment are concerned, and hence the worse lifestyle of males.
Limitations of this study and datasets
One of the limitations of the present study was the 14-year duration of the study period, which was not particularly long in the context of evaluation of trends regarding SEYLL. On the other hand, the 14-year study period was long enough to introduce some variation in the quality of Source: [42] and [43] https://doi.org/10.1371/journal.pone.0174391.t005
Years of life lost due to infectious diseases in Poland reporting and registration of causes of death in Poland. It needs to be emphasized that the data analysed in the records did not include microbiological data, nor the medical histories of the dead persons. The database supplied by the Central Statistical Office is based on data included in the statistical card, which is a part of the death card. The doctor who states the death puts the underlying, secondary and direct causes of death. Since 1 January 1999, each Polish region has been assigned a coder, who assigns the appropriate codes of causes according to the ICD-10 on the basis of a scanned copy of the death cards completed with a written description of the cause of death. The process can be done online, working directly on a server of the Central Statistical Office (CSO) through a work station situated in a statistical office, and offline, by downloading the assigned material from the CSO server to a work station without access to the Internet. The coding doctor contacts the doctor who stated the death by mail or phone in case of doubt. When coding of the cause of deaths, additional procedures safeguarding against possible mistakes are implemented, one being cross-verification of data concerning certain death causes. This procedure is applied to those diseases for which separate registers of incidence are used i.e. infectious diseases, including TB, as well as oncological and mental disorders. The terminology of underlying causes which we use in this article is taken directly from the ICD-10.
Conclusions
1. Despite a decrease in SDR due to infectious diseases, they remain a serious problem for public health: they contributed to 0.73% of the total number of deaths in Poland in the period 1999 to 2012.
2. Positive trends were observed regarding the SEYLL, SEYLL p and SEYLL d indices calculated for infectious diseases in the study period. However, one person who died of these diseases lost as many as 10.3 years of life.
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